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Abstract 
 

Introduction: Zingiber officinale and Allium sativum 

are used in traditional medicine to treat cancers, HIV, 

diabetes, and other diseases. These herbs are claimed 

to possess immune-modulatory properties. CD4 cells 

are immune cells that fight infections caused by 

viruses, bacteria, and other pathogenic organisms. 

Purpose: The study aimed to determine the 

phytochemical constituents of Zingiber officinale and 

Allium sativum extracts and to evaluate the immune-

boosting effect of the extracts on CD4 cell counts in 

albino rats. 

Methods: The phytochemical screening of the 

aqueous extracts of powdered ginger rhizome and 

garlic bulbs was investigated using standard 

procedures. The CD4 cell count was evaluated after 

administering oral doses (100 and 200 mg/kg) of each 

aqueous extract to the rats for 28 days. Changes in the 

body weights of the experimental animals were 

monitored weekly using an analytical weighing 

balance. The animals were sacrificed under 

chloroform anaesthesia on day 29, and blood samples 

from each animal were collected from the aorta into 

EDTA bottles. The samples were analysed for CD4 

cell levels using a flow cytometer.   

Results: The phytochemical screening revealed 

alkaloids, carbohydrates, tannins, phenolic 

compounds, flavonoids, and saponins in Z. officinale 

crude extract. Allium sativum extract contains 

alkaloids, carbohydrates, phenolic compounds, 

flavonoids, and saponins. The 100 and 200 mg/kg 

oral doses of the aqueous extracts of ginger and garlic 

showed increases in CD4 cell levels of 57.2 and 76.0 

cells/µL and 60.5 and 62.0 cells/µL, respectively, 

after treatment with extracts. The treated animals 

witnessed an increase in body weight compared to the 

control. 

Conclusion: The phytochemicals in Zingiber 

officinale and Allium sativum extracts could be 

responsible for the increased CD4 cell count of albino 

rats. 
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Introduction 

Medicinal plants, vaccines, and vitamins have 

been used as immune modulators, and the 

immunomodulatory activities of plants have 

been reported in the literature [1,2]. Plant 

supplements, such as Hypericum perforatum and 

Astragulus, have been shown to boost the body’s 

immunity [3]. Different defense systems are 

deployed by the body against invasion by 

pathogenic microorganisms. CD4 is a 

glycoprotein found on the surface of immune 

cells like T-helper cells, macrophages, 

monocytes, and dendritic cells that function as a 

co-receptor for the T-cell receptor [4]. CD4 cells 

are white blood cells, part of the immune system 

that primarily sends signals to other immune 

cells to destroy germs or pathogens. CD4 cells 

represent a unique part of the adaptive immune 

system that is important in achieving an effective 

immune response to pathogens. More subsets of 

CD4 cells with specialised and defined 
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properties have been identified, like the Tfh and 

the Th9 [5]. The immune system plays a major 

role in the body’s defences, and a myriad of 

signalling cascades are involved in the body’s 

immunity. If, for some reason, CD4 cells 

become depleted, as in the case of HIV infection 

or following immune suppression before an 

organ transplant, the body is left exposed to a 

host of diseases. Proper manipulation of these 

signalling cascades to target some of the immune 

cells (neutrophils, macrophages, and 

lymphocytes) could help in achieving desired 

therapeutic goals (immune suppression or 

immune stimulation) [6]. The immuno-

stimulatory approach has been used in treating 

life-threatening conditions such as HIV/AIDS, 

cancers, and infections, while immune 

suppression has been harnessed in certain 

allergies and immune diseases (arthritis, chronic 

inflammatory diseases, and organ transplants) 

[7]. 

 

Zingiber officinale and Allium sativum are 

medicinal herbs and have been investigated for 

different conditions, including treating cancers, 

inflammations, HIV, and other immune 

deficiency-related conditions [7,8,9]. So far, 

little is known about how Zingiber officinale and 

Allium sativum affect the level of CD4 (T-helper 

cells) cells in the body. However, some studies 

have been conducted to determine if the extract 

from these natural substances affects T-helper 

cells. One such study tried to evaluate the 

bioactive compounds in Zingiber officinale and 

how they affect the level of T-helper cells. The 

potential of this bioactive constituent in 

increasing the surface molecules of T-cells was 

investigated using dual tagging FITC 

(Fluorescein isothiocyanate) and PE 

(Phosphatidylethanolamine) of monoclonal 

antibody anti-human with its fluorescence 

measured with a cytometer [10]. Zingiber 

officinale bioactive constituent increased the 

ratio of CD3+CD4:CD3+CD8+ T-cells by 30% 

at 200 μg/mL fraction (oleoresin) concentration. 

This finding indicates that the bioactive 

compounds increase cellular and humoral 

immune responses [11]. 

 

The beneficial effect of Allium sativum has been 

emphasised for centuries. It is rich in many 

bioactive constituents that can affect immunity. 

Research has shown that Allium Sativum 

possesses some immunomodulatory and anti-

inflammatory properties. Research on its effect 

on immunity showed that it significantly 

increased the expression of CD8+ lymphocytes 

in the intraepithelial lymphocytes [12]. Bioactive 

compounds from Allium sativum are effective for 

relieving symptoms of COVID-19 infection. The 

virus has been shown to decrease regulatory T 

cells, cytotoxic cells, helper T cells, and natural 

killer cells, which may lead to compromised 

immune responses [13]. 

 

Zingiber officinale and Allium sativum hold 

excellent potential as immunomodulators and 

present a vast field of scientific exploration. 

There is a lack of studies on the effects of 

Zingiber officinale and Allium sativum on CD4 

cell count and weight. Hence, this current study 

aimed to determine the effect of Zingiber 

officinale and Allium sativum on weight and 

CD4 cell count in albino rats 

 

Methods 

Materials 

All chemicals used in this study were of 

analytical grade and used as supplied by local 

vendors. Zingiber officinale and Allium sativum 

rhizomes were purchased from a local market in 

Benin City, Edo State, Nigeria, in May 2023. 

They were authenticated by Dr. H Akinnibosun 

of the Department of Plant Biology and 

Biotechnology, Faculty of Life Sciences, 

University of Benin, and a voucher number, 

UBHD-304, was assigned. The ginger rhizome 

and garlic bulbs were cleaned, the barks were 

removed with a knife, and the endoderm was cut 

into tiny pieces, air dried for 2 weeks under 

shade, and powdered using a mortar and pestle. 

 

Animals 

Twenty-five white Albino rats were purchased 

from the Department of Pharmacology and 

Toxicology Animal House, Faculty of 

Pharmacy, University of Benin, Edo State, 

Nigeria. The animals were housed in clean 

plastic cages under a 12-hour light/dark cycle 

and had access to food and drinking water ad 

libitum. The animals were handled following the 

international guidelines for using and 

maintaining experimental animals [14]. 

 

Phytochemical screening 

Phytochemical screening for secondary plant 

metabolites (alkaloids, tannins, saponins, 

carbohydrates, reducing sugars, proteins, 

flavonoids, and other phenolic compounds) was 
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performed on powdered samples of the two 

plants using standard methods [15,16]. 

 

Preparation of plant extract 

One hundred grams of Z. officinale powdered 

sample was macerated with 500 mL of distilled 

water for 72 hours. The marc was re-extracted 

with 300 mL of distilled water and filtered using 

Whatman No.1 filter paper. Portions of the 

combined filtrate were concentrated to dryness 

using an evaporating dish over a hot water bath 

at 40°C for 6 hours. The recovered concentrate 

was weighed and stored in a refrigerator at 4°C 

until needed. A similar process was performed 

on 85 g of a powdered sample of Allium sativum 

(garlic). 

 

Pharmacological screening 

The animals were separated into five plastic 

cages, with 4 animals in each cage, with free 

access to food and drinking water. They were 

grouped and weighed weekly during 

acclimatisation, and the net weight was noted 

and recorded. The animals were given calculated 

doses (100 and 200 mg/kg body weight per oral) 

of Z. officinale and A. sativum extracts for 28 

days. The dose administered was calculated 

based on the body weight, as reported by 

Olaniyan et al. [17]. 

 

CD4 cell count using a flow cytometer 

After the treatment, the animals were sedated 

under soft chloroform and then euthanised. 

Using a 5 mL syringe and needle, about 3 – 4 

mL of blood was collected from the aorta of 

each albino rat and transferred into EDTA 

bottles. The blood samples were sent to the 

Haematology Laboratory of the University of 

Benin Teaching Hospital (UBTH), Benin City, 

Edo State, for CD4 count analysis using a flow 

cytometer (Partec Cooperation, Germany). 

 

Statistical analysis 

Data were expressed as the mean ± standard 

deviation (SD). A comparison between the 

treatment and control groups was done using a 

one-way analysis of variance (ANOVA) 

followed by the Dunnett post hoc test. Analysis 

and data presentation were done using GraphPad 

Prism version 8.0.2. Results were considered 

significant when p < 0.05, p < 0.01 and p < 

0.001. 

 

Results 

Phytochemical screening 

The extraction yields of the extracts are shown in 

Table 1, while the results of the phytochemical 

screening of Zingiber officinale and Allium 

sativum showed the presence of alkaloids, 

carbohydrates, saponins, tannins, phenolic 

compounds, and flavonoids, while protein was 

absent (Table 2).  

 

Table 1. Percentage extract yield of Zingiber 

officinale and Allium sativum extracts 
Test Percentage yield 

Z. officinale 40.37% 

A. sativum 39.42%  

 
Table 2. Phytochemical screening results of Zingiber 

officinale and Allium sativum extracts 

Test Z. officinale A. sativum 

Alkaloids + + 

Carbohydrate + + 

Saponin + + 

Tannins + + 

Phenolic compounds + + 

Flavonoids + + 

Proteins - - 

Where + = present and - = absent 

 

The experimental results showed changes in the 

body weights of the treated rats, which increased 

with the duration of treatment. These changes 

were most significant in the fourth week, 

especially with the 100 and 200 mg/kg extract of 

Z. officinale and 200 mg/kg of A. sativum 

extract, as shown in Table 3.  

A comparison of the weight differences between 

the treatment groups and the control group 

weekly is presented in Figures 1-4, while the 

results of the CD4 cell count via flow cytometry 

are shown in Table 4. 

Table 3: Differences in the experimental animals’ weights with time for the duration of treatment 

Samples First week Second week Third week Fourth week 

Control (Distilled water) 128.3 ± 16.0 143.7 ± 19.07 156.0 ± 20.38 173.4 ± 3.23** 

Z. officinale (100 mg/kg) 143.5 ± 12.70 160.1 ± 14.81 184.7 ± 17.27** 204.3 ± 19.48*** 

Z. officinale (200 mg/kg) 153.1 ± 11.70 168.0 ± 12.13 173.1 ± 13.01 204.5 ± 25.40*** 

A. sativum (100 mg/kg) 155.6 ± 16.38 149.3 ± 12.16 182.3 ± 18.91 202.7 ± 21.39** 

A. sativum (200 mg/kg) 144.3 ± 14.74 152.4 ± 12.88 172.4 ± 13.35* 191.8 ± 17.37*** 

Values are expressed in mean ± SD. All weeks were compared against Week 1, and the result was considered 

statistically significant when p < 0.05. *p < 0.05; **p < 0.01; ***p < 0.001 
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Figure 1: Week 1 weight variations among the treatment groups given 100 and 200 mg/kg bw of the extracts 

and control (distilled water). The result was considered statistically significant when *p< 0.05. 
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Figure 2: Week 2 weight variations among the treatment groups given 100 and 200 mg/kg bw of the extract and 

control (distilled water). The result was considered statistically significant when *p< 0.05. 
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Figure 3: Week 3 weight variations among the treatment groups given 100 and 200 mg/kg bw of the extract and 

control (distilled water). The result was considered statistically significant when *p< 0.05. 
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Figure 4: Week 4 weight variations among the treatment groups given 100 and 200 mg/kg bw of the extract and 

control (distilled water). The result was considered statistically significant when *p< 0.05. 

 
Table 4: Results of CD4 cell counts of the experimental rats in each group. 

Groups Dose 
Mean CD4+ Count 

(cell/mm3) 

Control (Distilled water) 5 mL 44.3±12.66 

Z. officinale (100 mg/kg) 100 mg/kg 57.2±33.16 

Z. officinale (200 mg/kg) 200 mg/kg 76.0±42.09 

A. sativum (100 mg/kg) 100 mg/kg 60.5±11.12 

A. sativum (200 mg/kg) 200 mg/kg 62.0±9.11 

Values are expressed in mean ± SD. All treatment groups were compared with the control group, and the result 

was considered statistically significant when *p < 0.05. 

NOTE: The results of the statistical analysis revealed no significant difference between groups in terms of CD4 

counts following treatment. 
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Discussion 

Plants have been identified for the treatment of 

cancer, diabetes, infections, HIV/AIDS, and 

inflammation [18]. Generally, the method used 

to extract plant materials plays a crucial role in 

the bioactivity screening of the extracts because 

it determines the concentration and polarity of 

the secondary plant metabolites present. The 

percentage yields of 40.37% and 39.42% 

obtained from the aqueous extraction of the 

powdered rhizomes of Zingiber officinale (100 

g) and Allium sativum (85 g) were high when 

compared to values obtained in other methods 

with other medicinal plants [19]. The maceration 

method used for the extraction process uses 

simple materials and is very suitable for 

thermolabile plant materials since it does not 

involve high temperatures [20]. 

 

The pharmacological activities of Zingiber 

officinale and Allium sativum are due to various 

secondary plant metabolites, alkaloids, saponins, 

tannins, phenolic compounds, and flavonoids. 

Alkaloids and polyphenols are known for their 

biological activities, such as antioxidant, muscle 

relaxant, antimicrobial, anticancer, and anti-

diabetic activities. These phytochemicals in the 

plants studied (Zingiber officinale and Allium 

sativum) may have been responsible for the 

immune-boosting effects of these plants and the 

increase in the CD4 cell count. 

 

On the other hand, tannins have been reported to 

form complexes with proteins and inactivate 

microbial adhesion enzymes, cell envelope, and 

transport proteins. They also form complexes 

with polysaccharides. Studies have shown 

tannins to inhibit viral reverse transcriptase [21] 

linked to secondary metabolites in the plant 

material. 

 

Many plants have been reported to possess 

immune activation properties [22,23]. CD4 cells 

(CD4+ T cells) are white blood cells that ward 

off infections in the body. CD4 cell levels 

(count) are an indicator of immune function in 

HIV patients and one of the critical determinants 

of the need for opportunistic infection 

prophylaxis. In established HIV infection, there 

is an increased susceptibility of the patient to 

opportunistic infections and tumours due to the 

loss of memory CD4+ T cell reactivity against 

recall antigens, an early event in HIV disease 

progression [24]. Plant extracts have shown in 

vitro immunomodulatory potential in inhibiting 

CD4+ T-cell activation, and extracts of 

Azadirachta indica have demonstrated their 

ability as a source of natural products for 

targeting persistent immune activation and 

inflammation during antiretroviral therapy [25]. 

In a review by Sultan et al. (2014), Zingiber 

officinale and Allium sativum were listed among 

medicinal plants with immune-boosting 

potentials due to the presence of functional 

ingredients (alkaloids, polyphenolics, flavonoids, 

terpenoids, etc.) [22].  

 

Results of this current study showed a linear 

association between the mean weight of the rats 

and their CD4+ count, with the rats of high 

weight having a high value of CD4 count, 

suggesting the reason for the high mean CD4 

count recorded in the treatment group (Table 4). 

All the extracts caused an increase in the body 

weight of the experimental animals, which was 

pronounced in week four of treatment with p < 

0.001 (Table 2). There were significant (p < 

0.05) differences in the body weight of the 

treatment groups compared with the control, 

especially with Zingiber officinale at 100 and 

200 mg/kg body weight (Figures 3 & 4).  

 

Conclusion 

Zingiber officinale and Allium sativum powder 

contain phytoconstituents that affect the CD4 

count of albino rats and can be beneficial as 

supplements to boost the immunity of healthy 

individuals. The plant extracts influenced weight 

gain in Albino rats. This effect may be vital in 

persons living with HIV and other 

immunodeficiency diseases. However, there is a 

need for further studies to evaluate the immune-

boosting potential of the extracts in induced 

immunocompromised animals.  
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